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Photochemical Reduction of I ,2-Naphthoquinones with Xanthen. 
Investigation by means of a Photo-CIDNP Technique 
By Kazuhiro Maruyama,* Department of Chemistry, Faculty of Science, Kyoto University, Kyoto 606, Japan 

Akio Takdwa * and Osamu Soga, Department of Chemistry, Faculty of Literature and Science, Shimane 
University, M atsue 690, Japan 

Photochemical reactions of 1.2-naphthoquinone and its derivatives with xanthen, a hydrogen donor, have been 
investigated. 1,2-Naphthoquinones, in general, produced the stable adducts (2). 9.9'-bixanthenyl, and xanthone 
together with a small amount of quinhydrones. 4-Substituted 1.2-naphthoquinones, however, gave the corres- 
ponding naphthalene-I .2-diols as the major products. Investigation by means of a CIDNP technique indicated the 
formation of unstable products, judging from the strongly polarized l H  n.m.r. signals, though the unstable inter- 
mediates did not accumulate in the reacting solution. Adducts (2), naphthalene-I ,2-diols, and 1.2-naphtho- 
quinones themselves also showed polarized l H  n.m.r. signals. From these results, the reaction mechanism was 
deduced. 

THE photochemical reaction of quinones with hydrogen 
donors has been investigated by several w o r k e d  

(2a) in the reaction with  anth hen.^ On the other hand, 
when aldehyde was used as a solvent, 1,2-naphtho- 
quinone gave the ' 1,4-adduct ' (3) and the ring-acylated 
photoadduct (4).6 Thus, the structure of the stable 
photoadducts depends on the nature of the solvent used. 

Photochemical reactions of 1,2-naphthoquinone, and 
its 3-chloro, 3-methyl, 4-cyano, 4-acetyl, 4-methyl, B i H  / H R  4-methoxy, 6-bromo, and 6-methyl derivatives with 
xanthen in the liquid phase were studied by detailed 

( 1 )  (Za) analyses of the stable products. In addition, photo- 
CIDNP provided information on the unstable inter- 
mediates, leading to the construction of a tentative 
reaction mechanism. 

OH 

OCOR' 

RESULTS AND DISCUSSION 

moH COR' 

(4) 

R = xanthcnyl R'= acyt 

General procedures for photochemical reactions are 
described elsewhere . 2 7 5  

Photochemical Reaction of Substituted 1,2-Naphtho- 
quinones (5) with Xanthen.-Irradiation for ca. 6 h of a 
solution of 1,2-naphthoquinone (5a) and xanthen gave 
2-hydroxy-4-xant hen-9- ylnapht halen- 1 ( 4 4  -one (2a), 
1,2-,naphthoquinhydrone (6a), 9,9'-bixanthenyl (7), and 
xanthone (8) in yields of 79, trace, 6, and 3%, respect- 
ively. 

Recently we examined the reaction of p-quinones and Determination of the structure of (2a) was described 
phenanthrene-9,lO-quinone with hydrogen donors by previ~usly.~ 3-Chloro-l,2-naphthoquinone (5b), 3- 

Products in the photochemical reaction of 1,8-naphthoquinone derivatives with xanthen 
Product a 

h r > 
Quinone Adduct (yo) Quinhydrone (%) QH, (%) 9,9'-Bixanthenyl (7) (%) Xanthone (8) (yo) 

(6a) (trace) 6 3 (54  ( 2 4  (79) 
(54  ( 2 4  (39) (64  (9) 
( 5b) (2b) (60) (6b) (2) 

(64 (5) (54 ( 2 4  (44) 

(6e) (trace) 13 10 
( 5 4  ( 2 4  (70) 

(6'a) (trace) (104 (89) 
(54 (68) 
(94  
(9b) 
( 94 (11) (15) (6 c) (58 )  
( 9 4  (6'd) (70) 

means of a photo-CIDNP technique, and pointed out methyl-l,2-naphthoquinone (5c), 6-bromo-1,2-naphtho- 
the formation of unstable intermediates in the course of quinone (5d), and 6-methyl-l,2-naphthoquinone (5e) 
the reactions. gave similar products as summarized in the Table (see 

Irradiation of phenanthrene-9,lO-quinone with xan- also Scheme 1). 
then gave the ' 1,2-adduct ' ( l ) .4  We reported, however, Photochemical Reaction of 4-Sztbstitztted 1,2-Naphtho- 
that l12-naphthoquinone gave a different type of adduct quinones (9) with Xanthen.-In the photochemical re- 

20 15 
28 7 
17 15 
25 11 

88 11 
52 27 
33 24 
53 10 

(6d) (trace) 

(6:b) (trace) (lob) (74) 

a Yields are based on the amount of starting material consumed. fi Naphthalene-1,2-diol. Carbon tetrachloride solution. 
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action of 4-substituted 1,2-naphthoquinones (9) with 
xanthen the corresponding naphthalene-l,2-diols, 1,2- 
naplithoquinhydrone (67, 9,9’-bixanthenyl (7), and 
xanthone (8) were obtained in good yields without any 
adduct (see Scheme 2 and Table). 

4-Substituted naphthalene-1,2-diols (10a and b) were 
obtained in the reaction of 4-cyano- (9a) and 4-acetyl- 
1,2-naphthoquinone (9b) in good yields, but 4-methyl- 
(9c) and 4-methoxy-1,2-naphthoquinone (9d) gave a 
very low yield of the reduction products. After irradi- 
ation of (9c and d) for ca. 30 h in the presence of xanthen, 

H- ‘H 
( 5 )  

a; R’= R*=H 

c ;  R’= C H ~ ,  R*= H 
d; R’= H ; Rz= Br 

e; R’= H, R?= C H ~  

b; R’= C I  ,R2=H 

( 6 )  

+ 

lhv 
0 

0 0 ’  

( 7 )  
SCHEME 1 

these quinones were recovered in yields of 33 and 88%, 
respectively. These results indicated (1Oc and d) 
initially formed in the reacting system niight be easily 
oxidised to the corresponding quinones upon isolation, 
since (1Oc and d) prepared by reduction of (9c and d) 
were easily oxidised to the starting materials in benzene 
solutioii on treatment with air or silica gel. 

The reaction of 4-methyl-1,2-naphthoquinone (9c) 
gave an unexpected yellow adduct (11) (11.5%) in addi- 
tion to the usual products (6’c), (7),  and (8). The adduct 
(11) was identified by the following spectroscopic pro- 
perties. The i.r. spectrum showed absorption bands at 
1695 (weak) and 1655 (strong) cm-l, characteristic of 
the carbonyl groups of 1,2-naphthoquinones.7 The 
lH n.m.r. spectrum showed signals at 6 2.99 (2 H, d, J 8.0 

and 7.00-8.15 (12 H, m). The nuclear spin-spin 
interactions between HI, and H, were confirmed by the 
spin-decoupling technique. When Hb were irradiated, 

Hz, HE,), 4.35 (1 H, t, J 8.0 Hz, Hc), 5.77 (1 H, S ,  Ha), 

the triplet for Hc changed to a singlet, and vice veysa.  
The corresponding adduct obtained from the photo- 
chemical reaction of (9c) with [9-2H,]xanthen showed no 

0 

@$O+QJ$ 0 

R 
( 9) 

lhv OH 

SCHEME 2 

signal at 8 4.35 and the doublet at 6 2.99 changed to a 
singlet. In  addition, the mass spectrum of (11) sup- 
ported the structure, m/e 352 (M+) ,  181 [(xanthen 
moiety) +], and 172 [ (quinone moiety) +I. From these 
results, structure (1 1) was assigned to the yellow adduct. 
The mechanism of formation of (11) still remains to be 
clarified. 

0 

\n 

(11) 

Photo-CIDNP Measurernents.-Figure 1 shows lH 
n.m.r. spectra observed for the reaction of 1,2-naph- 
thoquinone with xanthen. Spectra (a) and (b) were 
observed before and during irradiation, respectively. 
Comparing (b) with (a), new, strong, polarized signals 
1-6 appear in (b). When irradiation is cut off the 
polarized signals disappear within a few seconds. Spec- 
trum (c) observed during the course of the photo- 
reaction of 1,2-naphthoquinone with [9-2H,]xanthen 
clearly indicates that  three polarized signals, i.e., signals 
2,4 ,  and 5, are due to the methine protons of the xanthen 
moiety in the product, since they disappear in (c). 
Further, i t  is concluded that the other signals 1, 3, and 6 
in (b) are derived from the ring protons of the quinone 
or the quinone moiety of the adduct. Signal 6 in (b) 
(emission; double doublet) changes into a doublet in (c), 
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The polarized signals 3, 4, and 6 could be easily assigned 
to the stable adduct (2.) by comparison with lH n.m.r. 
spectrum of the corresponding isolated adduct [they 
correspond to R1 = H, Ha, and Hh of (2a), respectively]. 
By comparison of the chemical shifts of' the polarized 

1,4 - adduct 
(12)  

R 
or 

1 ,  2 - adduct 
( 1 3 )  

signals with those observed in the photochemical reaction 
of 1,4-naphthoquinone with xanthen,2 the absorption- 
polarized signals 2 (& 6.05) and 5 (6 3.98) may be assigned 
to the methine protons of the xanthen moiety in the 
unstable products (12) and (13), respectively. These 
assignments are further supported by comparison of 
these results with those observed for the reaction of 3- 
methyl-l,2-naphthoquinone with xanthen (Figure 2). 

Signals 5 (absorption, doublet) and 7 (emission, 
doublet) shown in Figure 2(b) correspond respectively 
to Ha and Hb of the stable adduct (2c). Comparing 
Figure 2(b) with 2(c) we may assign signals 2 (6 6.13) 
and 6 (6 3.99) to the methine protons of the unstable 
products (12) and (13), respectively. Signal 3 is due to  
4-H of 3-methyl-l,2-naphthoquinone. However, signals 
1 and 4, though they are undoubtedly due to the protons 
of the quinone or the quinone moiety of the adduct, 
cannot be assigned exactly. In  addition, five polarized 
signals [8-12 in Figures 2(b) and (c)] in the methyl 
region were observed. These correspond to the 
methyl groups of stable or unstable products. The methyl 
protons of the stable adduct (2c) showed the emission- 
polarized signal 9. Signals 8 (emission) and 12 (absorp- 
tion) correspond t o  the methyl protons of 3-methyl- 
naphthalene-l,2-diol and 3-met hyl- 1,2-naphthoquinone, 
respectively. The other polarized signals 10 and 11 
should be due to the methyl protons of unstable pro- 
ducts. 

The lH n.m.r. spectra observed during the course of 
the photochemical reaction of the 6- and 4-methyl 
derivatives of 1,2-naphthoquinone with xanthen are 
shown in Figures 3 and 4, respectively. The signals are 

assignable to the structure as shown in Figures 3 and 
4. One of the two emission-polarized signals [signal 1 
in Figure 3(b)] corresponds to the methyl group of 
6-methylnapkthalene-1,2-diol and the other, signal 4, 
corresponds to the methyl group of quinonc itself. 
Signal 3 in Figure 3(b) is assignable to the methyl group 
of the stable adduct (ze), and the other absorption- 
polarized signal 2 may be due to the methyl group of 
the unstable products. 

In Figure 4 we find an analogous polarization pattern 
in the methyl group region. The absorption-polarized 
signal 6 corresponds to the methyl group of 4-methyl- 
naphthalene-1 ,Z-diol. The emission-polarized signals 3 

8 6 4 2 0 
s 

FIGURE 1 lH N.m.r. spectra observed for the photochemical 
reaction of 1,2-naphthoquinonc with xanthen : (a) before 
irradiation ; (b) during irradiation ; (c) during irradiation 
using [9-2H,]xanthen (solvent, carbon tctrachloride) 

(6 1.44) and 6 (6 5.80) in Figure 4(b) correspond to the 
methyl protons and 3-H of 4-methyl-1,2-naphthoqui- 
none. The other absorption-polarized signals (1, 2, and 
4) are probably due to the methyl protons of unstable 
products. 

In  the photochemical reaction of 4-methoxy-l,2- 
naphthoquinone with xanthen, strong polarized lH 
n.m.r. signals similar to those observed in the reaction of 
4-methyl-l,2-naphthoquinone were also observed. Both 
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methyl protons and 3-H of 4-methoxy-1,2-naphtho- 
quinone also showed emission-polarized signals. 

1 I I I 1 
8 6 4 2 0 

s 
1H N.m.r. spectra observed for the photochemical 

reaction of 3-methyl-l,2-naphthoquinone with xanthen : 
(a) before irradiation ; (b) during irradation; (c) during 
irradiation using [9-2H2]xanthen (solvent, [2H6] benzene) 

FIGURE 2 

Thus, it was concluded that the 1,4-adduct (12) and 
the 1,Zadduct (13) were formed in the reacting system, 
but they were not stable enough to be isolated. As 
the methyl protons of methyl-substituted 1,2-naph- 
thoquinone and those of the corresponding naphthalene- 
1,2-diol both showed strong polarizations, it may be 
deduced that two solvent-separated 1,2-naphthoserni- 
quinone radicals disproportionate to yield 1,2-naph- 
thoquinone and naphthalene-l,2-diol. This is sub- 
stantiated by the following evidence: both the ring 
protons of 9-benzoquinone and hydroquinone produced 
in the disproportionation of 9-benzosemiquinone radical 

showed strong emission- and absorption-polarized signals, 
respectively.8 

Reaction Mechanism.-l,2-Naphthoquinone deriv- 
atives examined in this work have an n-n* absorption 
band in the region lmx. 470-530 nm (E ca. 100). 1,2- 
Naphthoquinone derivatives excited by the n-n* 
transition could convert into the triplet state via inter- 
system crossing (i.s.c.). The excited molecule in the 
triplet state can abstract hydrogen from xanthen to give 
a triplet radical pair (14) consisting of 1,2-naphthosemi- 
quinone and xanthenyl in the solvent cage. Combin- 
ation of these radicals in the cage may occur, giving 
stable and unstable products. The unstable products 
could decompose thermally or photochemically to give 
solvent separated 1,2-naphthoseiniquinone (16) and 
xanthenyl (17). Radical (16) will disproportionate to 
give a 1,2-naphthoquinone and a naphthalene-1,2-diol. 
9,9'-Bixanthenyl is formed by coupling of two molecules 
of radical (17). Xanthone is formed by trapping of 
oxygen dissolved in the solvent by radical (17). 

or isomer 

I I I I I 
0 6 4 2 0 

6 
IH N.m.r. spectra observed for the photochemical 

reaction of 6-methyl-l,2-naphthoquinone with xanthen : 
(a) before irradiation; (b) during irradiation ; (c) during 
irradiation using [9-2H2]xanthen (solvent, C2HHS] benzene) 

FIGURE 3 
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These sequences are summarized in Scheme 3. 1,2-naphthoquinhydrone (6a), dark violet crystals, Y,,,. 

The methine proton polarization of the xanthen 3 250 unchanged xanthen (200 mg) ; 9,9'-bixan- 
thenY1 (7) (7 mg)? m.P. 211-212"; xanthone (8 )  (3.5 mg), moiety in stable and/or unstable products may be pre- 

dieted from the Kaptein equation (i) ,Q in which each m.p. 174" ; 2-hydroxy-4-xanthen-9-ylnaphthalen- 1 (4H)-one 
symbol has the signs written underneath.", i- The (2a) (270 mg), (from benzene-Petro'eum)j 
Observed enhanced absorPtion-Polarized 121-122' (decornp.), vmax 3 375 and 1640 cm-l, B[(CD,),- 

thalene 3-H), and 6.02-8.03 (13 H, m). 
I?,, = p'E'Ag*a (4 (ii) 3-Chloro- 1,2-naphthoquinone (5b). A benzene solu- 

tion of (5b) (1 mmol) and xanthen (1 mmol) was irradiated 

are in CO] 4.27 (1 H, dd, Hh), 4.92 (1 H, d, Ha), 5.90 (1 H, d ,  naph- 
complete coincidence with prediction. 

= + + - - = +  

solvent - separated semiquinone radical (16) 

( 1 2 ) ,  (131, (14)  (15)  4 - 
solvent  -separated xanthenyl radical  (17)  

(16) + (16) - Q ( S o )  + OH, 

(17) -+ (17) 
SCHEME 3 Compounds underlined show polarised signals. Q = 1,Z-Naphthoquinone; QH, = naphthalene-1,2-diol; 

- - 9 ,  9' - Bixanthenyl 

X = xanthenyl radical 

EXPERIMENTAL 
Instruments were described previously.23 I3 Yields are 

based on starting materials consumed. 
Materials.-1 ,2-Naphthoquinones were prepared by 

literature methods or by the oxidation of naphthol with 
Fremy's salt.6. l1 Commercial xanthen and [9-2H2]xanthen 
prepared by the reduction of xanthone with LiAlD, l2 were 
used. 

General procedures for photochemical reactions were 
described previously.2, 

Photochemical Reaction of 1,2-Naphthoquinones (5) with 
Xanthen.-(i) 1,2-Naphthoquinone (5a). A benzene or 
carbon tetrachloride solution of (1 mmol) and xanthen (2 
mmol) was irradiated for 6 h with ice-water cooling. After 
the usual work-up, the following products were obtained : 

for 20 h a t  15". After the usual work-up, the following 
products were obtained : 3-chloro-l,2-naphthoquinhydrone 
(6b) (5 mg), v,,~. 3 300 cm-l; 9,9'-bixanthenyl (41 mg) ; 
xanthone (10 mg) ; unchanged quinone (33 mg) ; 3-chloro-2- 
hydroxy-4-xanthen-9-ylnaphthalen-l(4H)-one (2b) (186 mg), 
silky needles (from benzene), m.p. 157-158 O C ,  vmax. 
3 375 and 1655 cm-l, 8[(CD,),CO] 4.25 (1 H, d, H b ) ,  4.95 
(1 H, d,  Ha), 6.24-7.75 (12 H, m), and 8.21 (1 H, s, ex- 
changed with D20) . 

(iii) 3-Methyl- 1,2-naphthoquinone (5c). A benzene solu- 
tion of (Sc) (1 mmol) and xanthen ( 1  mmol) was irradiated 
for 24 h a t  room temperature. After the usual work-up, 
the following products were obtained : 3-methyl-1,2- 
naphthoquinhydrone (6c) (8 mg), dark violet crystals, 
vmaX. 3 275 cm-l; unchanged xanthen (32 mg) ; unchanged 

* The g value of semiquinone radical is larger than that of -f The sign of the hyperfine coupling constant (a) of the a 
carbon radicals without exception. hydrogen of carbon radicals is assumed to  be negative.l0 
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quinone (49 mg) ; 9,9'-bixanthenyl (25 mg) ; xanthone 
(2 2 mg) ; 2-hydroxy- 3-methyl-4-xanthen- 9-ylnaph thalene- 
1 (4H)-one (2c) (1 12 mg) , needles (from benzene-petroleum), 
m.p. 127-129", vmay. 3 380 and 1639 cm-l, G(CDC1,) 2.15 
(3 H, s), 3.73 (1  H, d, Hb), 4.40 (1 H, d, Ha), and 6.10-7.55 
(13 H, m). 

3-Methylnaphthalene- 1,2-diol was prepared by the 
reduction of (5c)' with Na,S,O, as crystals, m.p. 96- 
97", v,,,. 3 500 cm-l. It was easily oxidized to (5c) in 
benzene solution with air or in silica gel. The chemical 
shift of the methyl group (8 2.30) of 3-methylnaphthalene- 
1,2-diol in [2H6] benzene coincided with signal 8 in Figure 

(iv) 6-Rronzo- 1,2-naphthoquinone (5d). A benzene solu- 
tion of (5d) (1 mmol) and xanthen (1 mmol) was irradiated 

2(b). 

'h i- 

I I I I J 
a 6 4 2 0 s 
lH N.m.r. spectra observed for the photochemical 

reaction of 4-methyl-l,2-naphthoquinone with xanthen : 
(a) before irradiation; (b) during irradation ; (c) during 
irradiation using [9-2H,]xanthen (solvent, [12H,]benzene) 

FIGURE 4 

for 5 h a t  room temperature. After the usual work-up, 
the following products were obtained : unchanged xanthen 
(26 mg); 9,9'-bixanthenyl (20 mg); xanthone (20 mg); 
6-bromo-2-hydroxy-4-xanthen-9-ylnaphthalen- 1 (4H) -one 
(2d) (293 mg), needles (from benzene-petroleum), m.p. 
130-131", v, , ,~~ .  3 375 and 1 640 cm-l, G(CDC1,) 3.97 (1 
H, dd, Hb), 4.55 (1 H, d, Ha), 5.89 (1 H, d, naphthalene 
3-H), and 6.07-7.75 (12 H, m). 

(v) 6-Methyl- l12-naphthoquinone (5e). A benzene solu- 
tion of (5e) (3 mmol) and xanthen (3.5 mmol) was irradiated 
for 8 h with ice-water cooling. After usual work-up, the 
following products were obtained : unchanged xanthen 
(190 mg); 9,9'-bixanthenyl (58 mg); xanthone (48 mg); 
2-hydroxy-6-methyl-4-xanthen- 9-ylnaphthalen- 1 (4H) -one 
(2e) (725 mg), crystals (from benzene), m.p. 140-142" 
(decomp.), vmx. 3 375 and 1 642 cm-l, G(CDC1,) 2.40 (3 H, 
s), 3.93 ( 1  H, dd, H,,), 4.54 (1 H, d, Ha), 5.82 (1 H, d, naph- 
thalene 3-H), and 5.87-7.76 (12 H, in). 

6-Methylnaphthalene-l,%diol was prepared by the 
reduction of (5e) with Na,S,O,; silky needles which turn 
dark brown in air, m.p. 7&74.5", ynax. 3 330 cm-l. The 
chemical shift of the methyl group (6 2.15) of 6-methyl- 
naphthalene- 1,2-diol in [2H6] benzene coincided with signal 
1 in Figure 3(b). 

A benzene solu- 
tion of (9a) (1 mmol) and xanthen (2 mmol) was irradiated 
for 6 h with ice-water cooling. After the usual work-up, 
the following products were obtained : unchanged xanthen 
(180 mg) ; 9,9'-bixanthenyl (160 mg) ; xanthone (22 mg) ; 
quinhydrone (6'a) (15 nig) ; 4-cpanonaphthalene- 1,2-diol 
(loa) (165 mg), crystals (from benzene), m.p. 208".13 

A benzene solu- 
tion of (9b) (1 mmol) and xanthen (1 mmol) was irradiated 
for 10 h at room temperature. After the usual work-up, 
the following products were obtained : 9,9'-bixanthenyl 
(95 mg) ; xanthone (50 mg) ; 4-acetylnaphthalene-1,2-diol 
(lob) (150 mg), needles (from benzene-methanol) , m.p. 
162-164", vmx. 3 250 cm-l. 

A benzene solu- 
tion of (9c) (1 mmol) and xanthen (1 mmol) was irradiated 
for 38 h at room temperature. After the usual work-up, 
the following products were obtained : 4-methyl- 1,2- 
naphthoquinhydrone (6'c) (100 mg), dark violet crystals, 
v,,,. 3 400 cm-l; unchanged xanthen (35 mg) ; 9,9'-bixan- 
thenyl (49 mg); xanthone (49 mg); (9c) (56 mg); 4- 
xanthen-9-ylmethyl-l,2-naphthoquinone (1 1) (56 mg), 
yellowish orange needles (from benzene-petroleum) , m.p. 
155-156" (decomp.), v,,,. 1 695w and 1 655s cni-l, m/e 352 
(Mf, 28%), 181 (loo), 172 (45), 144 (30), and 115 (64), 
S(CDC1,) 2.99 (2 H, d, J 8.0 Hz, Hb), 4.35 (1 H, t, J 8.0 
Hz, HJ, 5.77 (1 H, s, Ha), and 7.00-8.15 (12 H, m). 

4-Methylnaphthalene- 1,2-diol was prepared by the reduc- 
tion of (9c) with Na,S,O,, silky needles which readily turn 
violet in air, m.p. 64-66', v,,,. 3 350 cm-l. The diol was 
easily oxidized to (9c) or (6'c) in benzene on treatment with 
air or silica gel. The chemical shift of the methyl group 4- 
methylnaphthalene- 1,Z-diol in [2H,]benzene coincided with 
signal 5 in Figure 4(b). 

A benzene solu- 
tion of (9d) (1.06 mmol) and xanthen (1.5 mmol) was 
irradiated for 24 h a t  15". After the usual work-up, the 
following products were obtained : 4-methoxy- 1,2-naph- 
thoquinhydrone (6'd) (23 mg), dark green powder, vmx. 
3 300 cm-l; xanthen (62 mg); 9,9'-bixanthenyl (112 mg); 
xanthone (22 mg) ; and (9d) (167 mg) . 

Photo-CIDNP Examination.-The investigation of the 
photochemical reactions by CIDNP was performed using 
a JEOL MH-100 spectrometer, equipped with a modified 
n.m.r. probe for photoirradiation (light source, 500 W high- 
pressure xenon arc lamp). Details were reported 
previously. 

(vi) 4-Cyano-1,2-nu~hthoquinone (9a). 

(v i i )  4-Acetyl-l,2-nafihthoquinone (9b). 

( v i i i )  4-Methyl- 1,2-naphthoquinone (9c). 

(ix) 4-Methoxy- 1,2-~aphthoquinone (9d). 

[8/08l Received, 18th January, 19781 
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